Isolation and identification of 1,25-dihydroxy-24-oxo-vitamin D3 and 1,23,25-trihydroxy-24-oxo-vitamin D3. New metabolites of vitamin D3 produced by a C-24 oxidation pathway of metabolism for 1,25-dihydroxyvitamin D3 present in intestine and kidney.
Two new vitamin D metabolites were isolated in pure form from separate incubations of homogenates of chick small intestinal mucosa or rat kidney employing either 1 alpha,25-dihydroxyvitamin D3 (28 microM) or 1 alpha,24R,25-trihydroxyvitamin D3 as substrate (0.17-1.3 microM). The newly characterized compounds and the amounts isolated in pure form from separate isolations are, respectively: 1 alpha,25-dihydroxy-24-oxo-vitamin D3 (1,25(OH)2-24-oxo-D3), 147 micrograms from kidney and 4.2 and 40 micrograms from intestine; 1 alpha,23,25-trihydroxy-24-oxo-vitamin D3 (1,23,25(OH)3-24-oxo-D3), 155 micrograms from kidney and 5.9 and 34 micrograms from intestine. Their structures were identified after extensive high pressure liquid chromatography by means of ultraviolet absorption spectrometry, mass spectrometry of the free compounds and their trimethylsilylated derivatives, proton nuclear magnetic resonance spectrometry, specific chemical reduction of the 24-oxo functionality with sodium borohydride, as well as direct comparison with synthetic 1,25(OH)2-24-oxo-D3. These structural assignments for both compounds correct previous determinations which had been proposed (Ohnuma, N., Kruse, J. R., Popjak, G., and Norman, A. W. (1982) J. Biol. Chem. 257, 5097-5102). The activity of the C-24 oxidation pathway used for the production of the 1,25(OH)2-24-oxo-D3 and 1,23,25(OH)3-24-oxo-D3 can be enhanced 10-fold by prior priming of the chicks or rats with a single intravenous dose of 1,25(OH)2D3 (1-12 nmol/100 g body weight); the induction of the enzyme activity is maximal by 3-6 h and returns to basal levels within 12 h. Further, 1,25(OH)2D3, 1,24,25(OH)3D3, and 1,25(OH)2-24-oxo-D3 all were found to be capable of serving as a precursor with chick intestine and rat kidney homogenates of 1,23,25(OH)3-24-oxo-D3. Collectively these results suggest the existence of a C-24 oxidation pathway for metabolism of 1,25(OH)2D3 by the target intestinal mucosa and kidney to 1,23,25(OH)3-24-oxo-D3. The pathway may play an important role in controlling the tissue levels of this hormonally active form of vitamin D3.